This study was carried out to evaluate the effects of different levels and sources of oregano leaf in starter diets for broilers. The 10 different dietary treatments included 1) a nonsupplemented corn-soybean meal diet (negative control); 2) the basal diet + 55 mg/kg of penicillin (positive control); 3 to 6) 2.5, 5.0, 10.0, and 20.0 g of oregano of Mexican origin/kg of diet; and 7 to 10) 2.5, 5.0, 10.0, and 20.0 g of oregano of Mediterranean origin/kg of diet, respectively. Each diet was fed to 6 replicate pens of 5 male birds in battery brooders for 18 d. Broiler chicks fed diets containing penicillin had higher BW at 18 d and improved FE from 1 to 18 d of age compared with those fed the negative control diet or those fed different levels of oregano leaf of both origins. In addition, different levels of oregano leaf had no effects on BW, FCR, or mortality rate. Birds fed the diet with 20.0 g/kg of oregano of Mediterranean origin were intermediate in feed conversion to birds fed the negative and positive control diets. Higher levels of oregano than used in this study in a more challenging rearing environment may be needed to elicit a stronger positive response to oregano leaf in broiler diets.
DESCRIPTION OF PROBLEM
It has been well established that antibiotics have a valuable role in poultry production as growth-promoting agents and in disease control. However, because of increasing concern regarding antibiotic-resistant bacteria, their use in animal and poultry feed has been banned in several countries and is under significant public scrutiny in other countries. Consequently, the poultry industry may be adversely affected by disease challenge and loss of production as a result of those restrictions. The European ban on antibiotic use in animal and poultry nutrition has 1 Published with approval of the director, Arkansas Agricultural Experiment Station (Fayetteville). Mention of a trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by the University of Arkansas and does not imply its approval to the exclusion of other products that may be suitable. 2 Corresponding author: Waldroup@uark.edu increased infection and the use of therapeutic antibiotics; however, it has resulted in an overall decrease in antibiotic use in animal and poultry production [1] .
Several types of herbal products and their oil extracts have enhanced broiler performance and resulted in growth-promoting effects. These may serve as environmental friendly alternatives to the antibiotic growth promoters commonly used in animal and poultry feed. The proposed mode of action of herbal products is attributed to their antimicrobial properties [2] [3] [4] [5] [6] [7] , oxidative-resistant activity [8] [9] [10] , enhancement of the immune system [11] , and, consequently, improvement in poultry performance.
Oregano (Origanum vulgare L.) is a species of Origanum, an aromatic herbal product, which, because of its highly potent chemical nature, has been used as a functional herbal product, mainly for preserving food quality, for inhibiting microbial proliferation on ready-to-cook poultry meat, and, more recently, as an alternative growth promoter in swine and poultry nutrition [12] [13] [14] [15] [16] . Carvacrol, thymol, γ-terpinene, and ρ-cymene are the most important components of oregano essential oil involved in the functional properties of oregano [4, 6] .
Based on several studies conducted to investigate the influence of oregano products (oil extract or its dried leaf) on broiler performance, researchers have concluded that oregano has the potential to promote broiler performance [3, 12, 13, 16] and reduce bacterial inhabitants of the gastrointestinal tract such as Clostridium perfringens and Escherichia coli [5, 7] . However, prediction of the broiler response to oregano and other herbal supplements is not straightforward; it is highly influenced by herbal variety [17] [18] [19] [20] [21] [22] , level of supplementation [5, [23] [24] [25] [26] , environmental and sanitary conditions (challenged vs. unchallenged), nutrient composition of the diet [17, 27, 28] , and the possible interaction with other additives such as organic acids [29] .
Because the effects of different levels of oregano from different geographical regions have not been studied, the objective of the present study was to investigate the effects of different levels of dried oregano leaf of 2 origins (Mediterranean vs. Mexican) on broiler chick performance during the starter period.
MATERIALS AND METHODS
This experiment was conducted to evaluate the effects of different levels of dried oregano leaf from 2 origins. Both oregano samples were provided by a local company [30] that provides breading mixes for the poultry industry. The relative percentage of several volatile essential oil contents of both dried leaf oregano samples (Mediterranean vs. Mexican) were determined by gas chromatography (GC)-mass spectrometry (MS) with headspace analysis. The analysis used a CombiPal (CTC Analytics) autosampler interfaced with a Varian 450 gas chromatograph and a Varian 320 triple quadruple MS system [31] . For the headspace measurement, the sample was heated to 60°C for 5 min and 0.5 mL of the headspace was collected. The GC separation was conducted using a 30M Varian Factor 4 VF-5ms capillary column [31] . The temperature program was 40°C for 1 min, followed by a linear temperature program increasing to 250°C at 10°C/min, followed by a 3-min hold. The split ratio on the column was 20:1. Mass spectrometry analysis was by electron ionization-MS using the system in the MS-only mode [31, 32] . Identification of components was based on an automated comparison of experimental spectra with spectra contained in the National Institute of Standards and Technology NIST05 mass spectral database and on subsequent visual confirmation by the instrument operator [33] . The relative distribution of components in the headspace was determined using the integrated areas for each of the GC components resolved in the total ion chromatogram, using the standard Varian Workstation software [31] . The percentage of each component was based on the peak area divided by the sum of the peak areas for all components.
Experimental Diets
A corn-soybean meal basal diet was formulated to meet the nutrient levels suggested by a major poultry breeder [34] . The basal diet was formulated on a digestible amino acid basis using the suggested amino acid digestion coefficients [35] , with total amino acid levels for the major ingredients based on published values [36] , adjusted for the CP and moisture content of the ingredients used in the study. Composition and calculated nutrient content of the basal diet is shown in Table 2 . The basal diet was supplemented with complete vitamin and trace mineral premixes obtained from commercial integrators.
Dietary Treatments
During this study, 10 dietary treatments were compared. One treatment (negative control) consisted of the unsupplemented diet and one treatment (positive control) consisted of an antibiotic product, penicillin (55 mg/kg) [37] . Eight additional treatments were based on the use of different levels of 2 different sources of dried oregano (Mediterranean vs. Mexican origin), each fed at 2.5, 5.0, 10.0, or 20.0 g/kg of diet. All additives were preblended with a portion of the basal diet before being added to the final mix. Each diet was fed in mash form to 6 replicate pens of 5 male chicks of a commercial broiler strain. Test diets and tap water were provided for ad libitum consumption from the day of hatch to 18 d of age.
Chicks and Housing
Three hundred sexed 1-d-old male chicks of a commercial meat-type strain (Cobb 500) [38] were obtained from a local hatchery, where they had been vaccinated in ovo for Marek's disease and had received vaccinations for Newcastle disease and infectious bronchitis posthatch via a coarse spray. Five birds were randomly assigned to each of 60 compartments in electrically heated battery brooders with raised wire floors, maintained in a temperature-controlled room. A 24-h lighting program was provided. The experimental procedures used in this trial were approved by the University of Arkansas Institutional Animal Care and Use Committee and were in compliance with recommended guidelines [39] .
Measurements
Birds were weighed as a group on arrival and at 18 d of age. Feed intake was recorded at the same time points for determination of FCR. Chicks were checked twice daily for mortality, with BW of dead birds used to adjust FCR.
Statistical Analysis
Data were analyzed according to the GLM procedure of SAS [40] as a completely randomized design experiment. Significant differences among treatments were accepted at P ≤ 0.05 and means were separated using Duncan's new multiple range test.
RESULTS AND DISCUSSION

Oregano Essential Oil Content
The relative chemical composition of both samples of dried oregano leaf is shown in Table  1 , with the major constituents carvacrol, O-cymene, γ-terpine, and β-terpineol in the Mediterranean sample, and carvacrol, O-cymene, thymol, and eucalyptol in the Mexican sample. Both oregano samples used in this study were rich in essential oils, with both having the expected high levels of carvacrol and O-cymene characteristic of oregano. However, the relative concentrations and overall composition were different between the 2 oregano samples. Variations in the chemical composition of essential oils of herbal products are predictable, which is mainly related to the geographical origin or their botanical characteristics, and these have been reported by other researchers [41, 42] .
Performance of Broiler Chicks
The results of the present experiment on the comparative effects of different levels of dried oregano leaf of 2 origins compared with the control (negative) and penicillin (positive control) treatments are summarized in Table 3 .
Effects of Penicillin
Broiler chicks fed a diet containing 55 mg/ kg of penicillin had significantly higher BW at 18 d of age compared with the negative control and with all the oregano treatments. The broiler chicks fed penicillin had significantly improved FCR compared with birds fed the negative control diets and with birds fed all oregano diets except those fed 20.0 g/kg of oregano of Mediterranean origin. Mortality rate was not affected by dietary treatment. Based on these results, the use of an antibiotic growth promoter such as penicillin was confirmed as effective in improving broiler BW and feed conversion. Antimicrobial growth-promoting agents mainly have been used in broiler diets to decrease or control the detrimental effects of undesirable microorganisms. The mode of action and the growth-promotion potential of antibiotics have been fully discussed in several recent reviews [43] [44] [45] [46] [47] [48] [49] .
Oregano Compared with the Control
The supplementation of broiler diets with dried oregano leaf had no significant effect on BW of broiler chicks at 18 d of age compared with birds fed the control diet. In addition, the origin of the dried oregano leaf (Mexican vs. Mediterranean) or the levels of supplementation (2.5, 5.0, 10.0, or 20.0 g/kg of basal diet) had no significant effect on broiler BW. Supplementation of different oregano levels and sources had no effects on FCR.
Oreganum vulgare L. is the most variable species of Origanum and the only one commonly known as oregano in most European countries. Oregano is mainly native to Europe, the Mediterranean, and southern and central Asia. The aromatic, slightly bitter taste and functional properties of oregano are related to the amount and composition of its phenolic components. Carvacrol, thymol, γ-terpinene, and ρ-cymene are the 4 main components present in oregano plants [4] , and it has been shown that mixing carvacrol and thymol in the proper amounts may exert the total antimicrobial inhibition that is evident with oregano essential oils. This is due to damage of membrane integrity and to changing the pH homeostasis and equilibrium of organic ions [2, 4, 6] . The composition of essential oils of a particular oregano product can differ between harvesting seasons or geographical locations. D'Antuono et al. [50] , in a study on native populations of O. vulgare L. in northern Italy, showed that great variability exists between the oil extract (5 to 50 mg/g) and oil composition (the carvacrol-thymol, biosynthetic pathway, high linaleol content, the presence of abundant sesquiterpenes). Dunford and Vazquez [51] , in a study on Mexican oregano (Lippia berlandieri Schauer), reported that the crop yield and its oil content were influenced by crop age and oregano oil from younger plants containing more total thymol and carvacrol contents than the mature plants.
The results of the experiments that have been carried out to evaluate the response of broiler chicks to natural additives such as oregano are inconclusive. Whereas some have reported the full or partial effectiveness of oregano products in improving broiler performance [12, 13, 15, 16, 52] , others have reported no significant improvement [7, 8] . Halle [12] showed that broiler chicks fed an herbal mixture or 2 different essential oils (oregano-clove or oregano-cinnamon) had lower feed intake and improved feed conversion efficiency; BW was not affected by the different treatments. Modeva and Profirov [13] reported that the addition of 0.025 or 0.05% of a commercial herbal extract containing 5% essential oil of oregano improved BW gain, increased the activity of enzymes involved in protein metabolism, and decreased alkaline phosphatase activity. Zhang et al. [52] showed that feeding 2 different commercial mixes of herbal oil extracts including oregano had no significant positive effects on BW, feed consumption, mortality, or carcass yield, but slightly improved FCR at 14 d of age. They also reported that feeding higher levels of essential oil mix in a mashbased diet significantly decreased feed intake and improved FCR. Çabuk et al. [15] showed that feeding different levels of herbal oil ex- 4 Amino acid values are at NRC minimum recommended levels.
tract including oregano and several other herbal products had no significant effects on BW and gastrointestinal relative weight; however, feed intake and mortality rate were decreased and the FCR was significantly improved, especially in broilers from younger compared with older breeders. LiHua et al. [16] reported that feeding 75, 100, 125, and 150 mg/kg of oregano oil extract significantly improved ADG, feed conversion efficiency, and average breast and leg muscle percentages, and decreased abdominal fat percentage in broilers. They reported that 100 mg/kg of oregano oil was the optimal level for broiler performance. Although the effectiveness of oregano oil extract in broiler performance has been demonstrated in some studies, in other studies, supplementation of broiler diets with oregano oil had no significant effects on performance [7, 8] . Basmacioğlu et al. [8] showed that feeding oregano and rosemary oil individually or in combination had no significant effects on broiler performance and mortality. Fukayama et al. [7] reported that different levels of oregano extract had no significant effect on broiler performance. Barreto et al. [53] , also in a comparative study of different herbal products including oregano extract, showed that neither herbal product had significant effects on broiler performance, gastrointestinal morphology, or AME. Most studies conducted to evaluate the effectiveness of natural herbal products have mainly used their oil extracts; however, several studies have been conducted on the effects of the dried leaf product as a more direct and less expensive route of herbal application in practical conditions [9, 10, 21] . Halle et al. [21] showed that supplementation of diets for male broiler chicks with graded levels of oregano herb (0, 2, 4, 10, and 20 g/kg) significantly decreased feed intake and BW and improved FE. Giannenas et al. [9] showed that broiler BW, daily BW gain, and FCR were improved in birds fed dehydrated oregano plant (5 g/kg) as a single supplement or in combination with α-tocopheryl acetate; however, the effects of oregano at 5.0 and 7.5 g/kg were higher than those at 2.5 and 10.0 g/ kg of the diet. Bampidis et al. [14] reported that feeding different levels (0.0, 1.25, 2.5, and 3.75 g/kg) of dried oregano leaf (O. vulgare ssp. hirtum) had no significant effect on turkey performance up to 43 d; however, feeding a higher level of oregano after 43 d of age decreased feed intake and relative weights of the gizzard and small intestine, and increased feed conversion efficiency, but had no significant effects on BW, carcass weight, carcass yield, and relative weights of the heart and liver. Florou-Paneri et al. [10] reported that broiler chicks fed oregano had higher performance than birds fed the control treatment at 42 d of age. Cross et al. [54] , in a study on the effects of herb and oil extracts of different herbal products (thyme, oregano, marjoram, rosemary, or yarrow) showed that dietary thyme oil or yarrow herb had the greatest influence on chick performance. They also showed that the form of feeding of some herbal products (herb vs. oil) had different effects on broiler performance. Birds fed yarrow herb compared with its oil extract had greater BW and BW gain, whereas birds fed thymol oil had greater BW and BW gain than did those fed the herb [54] .
CONCLUSIONS AND APPLICATIONS 
